Realistic goals and adequate information about equipment and program capabilities are essential prerequisites when selecting a computer system. Problems of equipment selection are dealt with by discussing a range of microcomputers emphasising the need to consider expansion and compatibility with standards such as the S. 100 bus. The importance of ready availability of word processing and management programs is emphasised.
Any anaesthetist considering the purchase of a computer should answer some important questions before proceeding. It is absolutely essential to decide why a computer is needed and even whether it is needed at all. Unless realistic goals are established and agreed upon by those who will be involved, there is a considerable chance that the computer will either be under-used or alternatively over-used as a "toy", not performing any useful function.
The first question which must be asked is whether a computer is required to improve some aspect of anaesthetic practice or whether it is to be used to "learn about computers". It is important that this question is answered to avoid the situation where a rather expensive gadget distracts from more worthwhile activity.
Fortunately, with the availability of equipment at prices not much greater than that of an electric typewriter, and particularly because of the availability of excellent program packages the argument for having a computer is easier to sustain than it has been in the past. The principal problem, now, is the selection of a computer which is easy to learn to use and which will have adequate capacity both immediately and in the future. A salesman may well claim that his product is excellent at games, household accounting, education, small *Ph,D., F.F.A.R.A.C.S., Senior Lecturer in Anaesthetics, Department of Surgery. **F.F.A.R.A.C.S., Dip.Ed., Director of Anaesthetics. business computing and data base management. It is unlikely that such a machine exists, and if it does, the cost of implementing all these functions may well be astronomical.
Deciding on goals
Scientific gatherings such as the International Symposium on Computing in Anaesthesia held at Santa Monica, California in February, 1982, tend to concentrate on aspects of computing which often have little direct relevance to practising anaesthetists. For example, of the 48 papers presented at that meeting, 23 were concerned with the use of computers in clinical measurement or monitoring. This is an extremely demanding use of computers and while often of considerable research interest the use of a general purpose computer in this role is largely beyond any but the most sophisticated research centres because of the engineering skills involved in implementing this type of application. Even when a monitoring system is functioning successfully in a general purpose computer the device is usually relatively expensive in comparison with the value of the information gained. l This use of computers is more to define methods of signal analysis for later implementation as a specialised processor within a monitoring device. In the day-to-day practice of anaesthesia the value of computers is more likely to be found in auditing patient care, assisting with administration, and managing financial aspects. This has largely been made possible by the recent development of programs for business computing, word processing and data base management. Table 1 indicates the areas in which computers might be used in anaesthetic practice. Numerous articles have appeared recently in journals offering advice on the selection of a computer. 24 Central to the advice offered in these articles is the plea for the user to decide on tasks which require solution, to reduce this list to a few which can be reasonably achieved, and then to look in detail at how this may be accomplished.
Of the possibilities outlined in Table 1 a reasonable starting point might be to establish a simple computerised anaesthetic record and an accounting system to generate and process patient accounts. The objectives of such a project might be to identify patterns of practice, to ensure adequate and complete records for patient care and medico-legal purposes and to improve fee collection.
Hiring computer services
For a group practice or a medium sized hospital department the use of a time-shared computer service might be attractive. This could involve periodic forwarding of records for batch processing or the rental of a video display unit (VDU) and a telephone line for direct communication with a central computer.
The use of such a method in a hospital may have particular advantages if it is necessary to prove the value of computing to senior management. It also avoids the need for a large initial outlay of money. As well, programming services may be offered for relatively low or no cost. This is possible if programs exist which only require minor modification.
On the other hand there are disadvantages of time-sharing which may not be apparent initially but which are serious. First a bureau or hospital computing service may have little interest in implementing small projects which to them may appear trivial, but may be of great value to the running of a department. A contract for continued supply of services may also become very expensive, particularly if data is accumulated on magnetic storage devices and this is charged for. In addition, time-sharing services with long-term financial commitments may be forced to keep their prices high while the costs of micro-and minicomputers fall. The fact that a service is shared by a number of users may mean that a program which one user has worked on, or "worst of all" the user's data, could find its way into the hands of others. Finally, when a level of expertise is reached where it is possible to justify the purchase of a computer, it may prove extremely expensive to withdraw from a time-sharing service one is contracted to if the service claims ownership of the programs which they have assisted in developing.
Purchasing your own computer -First the programs
The alternative to the use of a terminal on a time-sharing service is to purchase a computer of your own. With rapid developments in small computers selecting a computer has become an exciting venture. However, the decision remains tied to the important question "What do I wish to do with it, both now and in the future?" .
A few visits to computer stores or glances through popular computing journals will immediately expose you to such terms as central processing unit (CPU), memory, floppy disks, input/output, VDU and daisy wheel printer. In addition you will be bombarded with all sorts Anaesthesia and Intensive Care, Vol. X, l\/o. 3, AUj?ust, 1982 of reasons why one device is better than another. If you know nothing of this area, the best approach may be to purchase one of the small hobby computers such as a Sinclair ZX 81. With such a device connected to your television set and an audio tape recorder, you can learn the terminology and practice simple aspects of computer programming using the BASIC computer language. While gaining this experience it is important to look not only at more elaborate computers but at programs. Programs are the heart of the modern computer system. Only two to three years ago it was necessary to hire programmers to write "customised" software even for routine applications. But now this should only be required for the most exotic projects.
Word processing programs such as WORDST AR (Micro Pro International) with associated MAILMERGE, SPELLST AR are able to handle the simplest text generation and printing requirements through to complex editorial tasks as well as index creation, circular letters and mailing labels. Such programs are well documented and can be operated in a matter of minutes with minimal instruction. In hospital departments where scientific papers and teaching materials are being prepared such programs will be in heavy demand.
If it is necessary to establish a data base of patient records or operating theatre activity a number of excellent data entry and data-base managing programs are available such as DA T AST AR (Micrapro-International) and dBASE 11 (Ashton Tate). Accounting and inventory programs are also available and some of them, while not specifically directed to anaesthetic practice, will satisfy the needs of most practices. s
The knowledge of high level computer languages such as BASIC, FORTRAN, or PASCAL, while of interest to the hobbyist or researcher is not necessary for the user of most program packages. These software packages are easily adapted to individual needs and have distinct advantages when compared with individually written custom programs. First, they are usually provided with excellent operating manuals. Second, they are relatively error-free, having been used by hundreds of other purchasers on many different systems.
Anaesthes;a and Intensive Care, Vol. X. No. 3, August, 1982 Types of programs Computer programs can be divided into three general categories, operating systems, support programs and user programs.
Operating systems provide the basic facilities for the running of other types of programs. Their functions include the control of character input from terminals, the management of exchange of data between memory and magnetic disks, printer control and general error detection and recovery.
Support programs provide the computer with the facility to use programs written in particular languages such as BASIC, PASCAL, or FORTRAN and many other functions such as the compilation of machine language programs and text editing.
User programs consist of any program written to perform a particular task. They may be written in a high level language such as BASIC or in the machine code peculiar to a particular computer. Such programs allow the computer to be used as a word processor, as a data-base manager, as an accounting system, as a patient-monitoring device or virtually any function the user has the ability, time and imagination to conceive.
As a note of caution however, operating systems, devised by different manufacturers often have special requirements such as unique commands and a particular structure for data stored on disks. Because of these differences a disk, for example, which contains a BASIC language program for operation on a Hewlett Packard computer cannot be loaded into a Data General computer despite physical similarities in the magnetic disk on which it is stored. The pattern of recording of information on the disk will be quite different because of the different operating systems in the two computers. Similarly information stored on magnetic tapes may be difficult to transfer between different computers, making the exchange of programs and data difficult from one machine to another. Fortunately there are international standards for the transmission of data via cable or telephone and most computers are able to exchange data this way, but in general programs are difficult or impossible to transfer from one computer to another.
In the case of newer microcomputers there are fewer difficulties with incompatibility due, in part to a relative lack of monopoly on the production of equipment and programs and to the enormous number of users.
Despite some degree of diversity in equipment construction, a virtual standard for operating systems exists. This is Control Program for Microcomputers (CP IM-Digital Research) which is available for on virtually all microcomputers which can operate magnetic disk drives, uses a memory size of 24 to 512K bytes (where K represents a multiple of 1000 8 bit words), and displays information on a VDU with 20 lines, 64 characters long. The CP IM operating system was originally developed for the Intel 8080 microcomputer, but runs on all Zilog Z80 processors and has been chosen by IBM for the new 16 bit Personal Computer, by Hewlett Packard for the HP 125 Microcomputer and by Digital Equipment Corporation for their WVT 18X Personal Office Computer.
Learning to operate the CP IM system is relatively easy because there are many experienced users, and because of the numerous articles which have appeared in popular computing magazines such as Byte, Interface Age and Personal Computing. There are excellent handbooks describing this operating system such as that written by Zaks. 6 Also most application programs for microcomputers are available to operate under the control of the CP IM operating system. Details of these programs may be found in the catalogues of a number of software distributors which advertise widely in popular computer journals.
Purchasing your own computer -Now the machine
Microcomputers which could be used by anaesthetists are numerous. Fox 7 provides a comparison of 118 different microcomputers in 9 pages of tables, covering price, processors, peripherals, memory size, mass storage types, operating systems, programming languages, application software and corporate data such as establishment date, dealers and total systems delivered. The main features of representative types of microcomputers are presented in Table  2 . These range from the Sinclair ZX 81 microcomputer where the processor and keyboard are integrated through to conventional "mainframe" construction where the processor and magnetic memory devices are in a cabinet and the VDU and printer are separate in the traditional fashion. In Table 2 an attempt has been made to represent the main types of microcomputer configurations available, functional capability tending to increase down the table. The actual microprocessor which is central to the control of the computer is of some importance, although with time the reason for choosing a particular type will almost certainly change. At present by far the most software is written to operate on the lntel 8080, Zilog Z80 and Z80A processors. Newer 16 bit processors such as the Intel 8086 used by IBM may take over but at present this is certainly not the case.
Other considerations in choosing the microcomputer are extremely important. The basic organisation of the internal components on printed circuit cards is vital to the servicing, expansion and interchangibility of components as developments occur. The microcomputers which are sold in large numbers such as the Apple, Tandy series and IBM personal computer have adopted unique constructions generally resulting in a relatively inexpensive computer for the facilities provided. This is an effective approach to providing a computer with useful programs for games, simple programming and certain scientific applications. However, the cost of expanding such computers to have adequate display for word processing or disk capacity for accounting may prove to be very high. Also such expansion may not be possible.
The S. 100 Bus
An alternative to proprietary construction is the use of a widely accepted standard such as the S. 100 Bus. The S. 100 Bus refers to a form of processor construction based on a standard for circuit boards in which each is typically 25 cm long and 13 cm wide and is connected to other components via a 100 pin edge connector. Slight variations in construction do occur from one manufacturer to another but an international standard (IEEE696/S. 100) has recently been approved to describe accurately both electrical and mechanical characteristics. Approximately 100 different manufacturers make over 400 different plug-in processor and control boards for S. 100 systems and over 200,000 S. 100 systems are in operation. 6 Although the largest proportion of central 8 Such capacity is enormous and could well be used at least in part by many users with rapidly falling prices of memory and peripheral devices.
Display-terminals
As well as the basic construction of the computer it is vital that the terminals by which one communicates with the microcomputer has adequate capability to make full use of programs which are available. Display terminals come in three types:-dumb, smart and intelligent. Dumb terminals display text, line by line like a teletype printer. This form of communication is often used in libraries which communicate with reference services such as Medline.
Smart terminals, as well as having the ability to display text line by line also provide cursor addressing where it is possible to position the cursor and modify information anywhere on the screen. Intelligent terminals have a processor, usually a microcomputer, which is capable of being programmed to carry out a variety of functions ranging from the relatively simple to the complex. They are typified by the standalone desktop computer. Intelligent terminals may also form part of a distributed network of computers. Interconnections between such terminals and a central computer allow them to communicate with each other and the central processor, sharing files and data.
The ideal display terminal for most users provides 24 lines of 80 characters on a 37.5 cm (15 inch) screen. Many business programs and word processing programs require smart terminals with cursor addressing.
Data storage devices
The floppy disk, an 8 inch disk of magnetic material spinning at 300 rpm is the most widely used storage medium for computerised information. A widely accepted standard exists known as the IBM Standard Format. This is an 8 inch single density, single sided floppy disk divided by the computer operating system into sectors each containing 128 bytes of information. This format is used by the Medical Research Council of Britain to distribute biomedical references and abstracts through Biomedical Engineering Current Awareness Notification (BECAN).9
It is possible with many 8 inch disk drives and their associated controllers to record the standard IBM format as well as a variety of formats up to 1.5M byte capacity by recording on both sides of the disk at double density. With the ability to read and record the standard format as well as to use the high capacity of 1.5M byte it is possible, with two disk drives, to perform most word processing, accounting and record keeping functions. With five and a quarter inch disk drives, provided in the IBM Personal Computer, for example, where the maximum storage per disk is limited to 160K bytes, capacity may be rapidly exceeded if one notes that an operating system, a word processor such as WORDST AR, and associated system programs may occupy up to 120K bytes of disk space! Printers In order to provide a permanent record of data prepared by the computer a printer is necessary. There are literally hundreds of printers available IO but they can be divided into several basic types. The first category is line printers and serial character printers. As their name suggests, line printers print a whole line of type at one time. They are noisy, usually produce 300 or more lines per minute and are extremely expensive. Serial character printers employ a variety of methods for producing print. The majority employ mechanical striking to produce either a fully formed character (daisy wheel type) or a dot matrix where the characters are constructed from multiple impacts by fine wires driven by solenoids. In general, formed character printers produce the best quality type but are relatively slow at 35-50 characters per second. Dot matrix printers are quicker at 150-300 characters per minute and can reproduce a variety of type but usually this lacks the quality of the impact printer. Thermal printers using specially coated paper and electrosensitive printers are also available but' the paper tends to be costly. The type of printer to be selected will depend on the quality of the output required and the anticipated volume of printing to be done.
Conclusion
The selection of a computer system is a process made difficult by the profusion of equipment available. It is made easier if the purchaser is able to clearly identify realistic goals for the proposed system. Standards for microcomputer construction and data interchange have greatly simplified problems of incompatibility. And in contrast to most other purchases one is likely to make, prices are falling. Detailed knowledge of programming languages and techniques is no longer necessary for the owner-operator because a large range of field-tested programs to carry out most aspects of computing are now available.
